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The Performance of Downlink MUROS
1 Introduction

A new Study Item MUROS was approved at GERAN #36 [1]. Several solutions [2] [3] [4] were discussed during that meeting; however all of the proposals are based on DARP Phase I (SAIC) receiver in downlink. In this contribution, based on a popular SAIC receiver, the link level and system level performances of downlink MUROS are presented and some analyses are provided. 
2 The link performance of downlink MUROS
2.1 Simulation assumptions

The simulation assumptions are shown in Table1.
Table1 Simulation assumptions of link performance
	Parameter
	Value

	Channel profile
	Typical Urban (TU) 

	Terminal speed
	3 km/h (TU)

	Frequency band
	900 MHz

	Frequency hopping
	Ideal (TU)

	Interference/noise
	White Noise, DTS-1, DTS-2

	Antenna diversity
	No

	DARP receiver
	VAR receiver [note]

	Tx pulse shape
	Lin GMSK pulse

270 kHz Hanning windowed RRC

	Rx filter - Bandwidth
	270 kHz

	RRC rolloff
	0.3

	Trainning sequence
	Existing sequence and new sequence proposed in [4]

	Compared Codecs
	TCH/AFS 5.9

TCH/AHS 5.9

TCH/AFS 5.9 using MUROS
TCH/AHS 5.9 using MUROS


Note: the DARP receiver used for the simulation is Vector Autoregressive (VAR) receiver, which is a popular SAIC receiver; another popular SAIC receiver is Mono Interference Cancellation (MIC) receiver which has been presented in [3]. In order to evaluate the actual performance of MUROS, the simulations in this paper are based on the popular SAIC receiver, which is intended for DARP but not for MUROS; so the results maybe do not show the best performance for MUROS.
For performance analysis the Frame Error Rate (FER) is displayed over the SNR or CIR. In case of MUROS the power of the wanted sub channel and orthogonal sub channel is considered. And the performance has been normalized so that GMSK_FR reaches 1% FER @ C/I = 0 dB.
2.2 Simulation results
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Figure 1 FER for AMR 5.9 in TU3 iFH at white noise
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Figure 2 FER for AMR 5.9 in TU3 iFH at DTS-1
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Figure 3 FER for AMR 5.9 in TU3 iFH at DTS-2
2.3 Link performance analysis

From the Figure 1 to Figure 3, a conclusion could be found that MUROS TCH/AFS has no significant advantage compare with GMSK TCH/AHS. Comparing to GMSK TCH/AFS, the SNR (C/I) loss of MUROS TCH/AFS at FER=1% is listed in Table2.
Table2 Link Performance Loss to Reference for AMR/FS5.9 @ FER=1%

	Tx-pulse
	White noise
	DTS-1
	DTS-2

	Linearised Gaussian
	7.3 dB
	8.2 dB
	7 dB

	RRC
	5.3 dB
	6.8 dB
	5.5 dB


As shown in Table2, even using the 270 kHz RRC pulse shaping and new TSC, the link performance with a VAR receiver is not good as it was presented at last meeting; the loss is not 3.2 dB but 5.3 dB.
For the MIC receiver, the link performance had also been evaluated at last meeting. Figure 4 is a reference from [3] it shows that the performance loss is around 11 dB at DTS-1, with the linear Gaussian filter, new TSC.
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Figure 4 OSC DL interference performance of AMR full rate 5.9, DTS-1 

According all the link simulations, it seems that the gain of link performance is still suspicion when using the popular SAIC receivers. Considering the higher interference caused by higher transmit power, the minor gains from link level will not improve the performance of the whole network. The actual capacity of MUROS should be evaluated based on system level.
3 The system performance analysis

3.1 Simulation assumptions

Two users reusing one slot do not mean double actual capacity, because wireless system is a self-interference system, the key issue is the actual capacity of the whole system, not per cell. This paper focuses more attention on the actual capacity of MUROS network.
The simulation parameters are depicted in Table3. 

Table3 Parameters for Network Simulation.
	Parameter
	Value
	Unit
	Comment

	Direction
	Downlink
	
	

	Frequency Reuse
	5M/1*3
	
	

	Frequency Hopping
	yes
	
	

	#TRX per cell
	2
	
	

	Compared Codecs
	TCH/AFS 5.9

TCH/AHS 5.9

TCH/AFS 5.9 using MUROS
	
	

	MS receiver type
	SAIC type
	
	non OSC aware

	Used TSC set
	existing and new
	
	

	Site-to-site distance
	2000
	m
	

	Frequency
	900
	MHz
	

	Sectors per site
	3
	
	

	Antenna pattern
	65
	degree
	

	Shadow Fading parameter (std)
	6
	dB
	

	corr. Dist
	50
	m
	

	Pathloss model
	OKUMURA_URBAN
	
	

	Propagation
	TU
	
	

	MS speed
	3
	km/h
	

	DTX
	on
	
	

	Power control algorithm
	level and quality based
	
	

	Handover algorithm
	EGDE and PBGT
	
	

	Tx pulse shape
	Lin GMSK pulse [note]
	
	


Note: Using the RRC filter may get better link performance, but whether RRC filter can be used should be made further evaluation, so the system simulation in this contribution is based on linear GMSK pulse.
3.2 Simulation results
In this simulation, the channel is allocated according to the following criteria:

For GMSK_AMR_FR scenario, all users are assigned TCH/AFS channels;
For GMSK_AMR_HR scenario, all users are assigned TCH/AHS channels;
For MUROS_AMR_FR scenario, the user is assigned the TCH/AFS if there is idle TCH/AFS. After all the TCH/AFS have been occupied, the coming user will be assigned to multiplex a channel with a existing user, then the multiplexed TCH/AFS channel is change to a MUROS channel; in other words, when EFL is low, all users are assigned TCH/AFS channels, the network could be seen as a GMSK_AMR_FR system. With the increase of EFL, the number of MUROS user increases, then the simulation shows the performance of MUROS system.
[image: image5.wmf]EFL vs. blocked call rate
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Figure 5 Blocked Call Performance
[image: image6.wmf]EFL vs. Bad Quality Samples
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Figure 6 Bad Quality Call Performance
As shown in Figure 5 and Figure 6, when EFL is low the performance of MUROS is better than GMSK HR, because all users are assigned GMSK FR channels. When EFL increases, more and more channels change to MUROS mode, the disadvantage of MUROS appears. The Bad Quality Call ratio rises fast; the performance of MUROS is greatly degraded than GMSK HR. The result of the simulation shows that MUROS can not improve spectral efficiency at dense reuse scenario.
4 Conclusion
In this contribution, the performance of downlink MUROS is studied. Based on these simulation results, some conclusions can be drawn:
Different SAIC receiver has different performance of MUROS; the appropriate receiver should be specified for MUROS.
For system capacity, MUROS brings the degradation of performance when EFL increases, so it can not improve spectral efficiency at dense reuse scenario.
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[image: image7.emf]AMR TCH/AFS/AHS 5.9k TU3iFH DL Sensitivity
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